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AB3TRACT 

This  report  provides  a  work  form  and  rationale  to  perform 
hand  calculations  of  the  radar  2-anga  equation.  The  techniques  described 
cover  the  conventional  geometric  aspects  of  the  radar  equations  as  well 
as  the  effects  of  rain  clutter,  ram  attenuation,  atmospheric  attenuation, 
sea  and  land  clutter,  and  pulse  integration  for  both  conventional  pulse 
and  chirp  radar.  The  report  is  designe’’  '  be  complete  within  itself, 
requiring  no  further  texts,  tables,  references  or  slide  rules. 
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MAFT  18-155^^ 

I,  ISTRODOCTIOy 

In  the  evftluaticn  of  the  detection  performance  of  s  radar 
system,  it  is  necessary  to  use  the  radar  equation  in  one  of  its  many 
forms,  Isifortm^ately  the  mixture  of  units  and  the  calculation  of 
clutter  effects  defy  convenient  manipulation.  However,  with  certain 
sin^lifying  asstm^tions  and  limitations ,  one  can  de7el<^  equations 
idiich  can  he  used  conveniently  hy  hand,  Bie  calculation  techniques 
in  this  report  cover  the  effects  of  rain  clutter,  rain  attenuation, 
atmospheric  attenuation,  sea  clutter,  land  clutter  and  pulse  Inte- 
g7*ation  as  well  as  the  conventional  geometric  aspects. 

The  limiting  assujtqitlons  are:  the  depression  (or  elevation) 
angle  must  he  less  than  10°,  the  slant  range  munt  he  greater  than 
3  nautical  miles,  and  the  radar  and  target  altitxide  should  he  lees 
than  10,000  feet.  These  limits  are  imposed  by  certain  gecaaetric 
8in?>lificationa,  Jtortuaately,  the  majority  of  radar  applications 
fall  well  within  these  limitations. 

The  goal  of  this  report  is  to  allow  an  evaluatLon  to  he 
made  without  further  reference  to  at^'  aids,  including  charts,  tables 
or  slide  rule.  These  techniques  were  originally  developed  at  KAFI 
in  order  to  more  fully  assess  a  radar  design  during  meetix:gs  and 
conferences. 

Other,  more  general  techniques,  as  well  as  a  more  com¬ 
plete  discucsion  of  many  of  the  parameters  and  their  effect  on  a 
radar  system  can  ha  found  in  the  following  HAFT  reports:  "Slsqjlifled 
Radar  Calculation  Techniques"  KAFI  TR-917,  and  "Computer  Aided 
Radar  Design"  HAFT  TR-l^t6l. 


1 


Most  of  the  calculations  in  this  report  use  decibels 
to  facilitate  division,  laultipTication  and  root  extractions. 
Numerous  sin^jlified  tables  are  included  to  estimate  integration, 
attenuation  and  clutter  effects.  The  major  radar  parameters 
calcxilated  include  maximum  range,  integrated  signal  to  noise, 
signal  to  weather  clutter,  signeil  to  land  clutter  and  signal  to 
sea  clutter  ratio.  Tliese  ratios  may  be  coinbined  to  yield  the 
integrated  signal  to  noise  plus  weather  plus  sea  or  land  clutter 
ratio  for  any  specif_ed  range  and  target. 

The  calculation  of  the  integrated  signal  to  noise  plus 
clutter  ratio  is  performed  in  two  pai'ts.  The  first  part  uses 
Section  A  to  determine  an  estimate  of  the  maximum  range  ififchout 
any  clutter  or  weather  effects.  The  second  part  uses  Section 
E  to  calculate  the  integrated  signal  to  noise  plus  clutter  ratio 
with  clutter  and  weather  effects  at  a  particular  range.  Most 
calculations  are  in  decibels  and  a  foldout  decibel  to  ratio  con¬ 
version  table  is  given  in  Appendix  A  to  help  the  user.  Section  A 
and  section  B  are  work  forms  for  calculation  of  maximum  range  and 
signal  to  noise  plus  clutter  ratio,  respectively. 

Appendix  B  presents  the  mathematical  derivation  of  the 
simplified  eqizations  xised  in  sections  A  and  B,  Appendix  C.  is 
an  example  of  the  usage-  of  the  work  forms . 
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II.  CALCULATIONS 


A.  MAXIMUM  RANGE  ESTIMATION 
1,  Single  Pulse 


Parameter 

^k 

Peak  Power 

> 

ii 

Wavelength 

a.j. 

Target  RCS 

G 

Antenna  Gain 

L 

Losses 

B 

Bandwidth 

W 

0 

Noise  Figure 

(S/N) 

Signal/Noise 

Conversion  Factor 

Va?.ue  Units  „  *  ^ 

Representation  By 


4  db  nautical  miles  =  SUMj^^  = _ 


The  maximum  range  (N  mij.es)  ^.s  obtained  by  multiplying  the  decibel 

by  ^  and  expressing  this  as  a  ratio; 


Mskximum  Range  Estimation  = 


2.  Comments 

a.  Chirp  Systems 

(1) .  Use  peak  transmitter  power  (as  at  the  antenna) 

(2) .  Use  the  neirrow,  unchirped  bandwidth 

b.  Antenna  Gain 

(l).  ir  aperture  only  is  given,  see  table  in  Appendix  A. 
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c.  Iiosses 

(l).  Typical  value  for  search  radar  16  db,  minimum 
veQ-ue  10  db. 


(2).  Losses  included  are: 

collapsing 

integr'jtion 

gate  or  filter  overlap 

L  threshold 
g 

scan  distribution 
target 

L  antenna  efficiency 
n 

L  filter  matching 
m 

post  detection  integration 

L  antenna  -Dattem 
P 

Lj,  receiving  loss 
trsmsraitting  loss 

Lg  scanning  loss 


Minimum  db 
2 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 


10  db 


d.  Signal  to  Noise  Ratio  'S/N).  Typical  \>alue:  12db. 
This  provides  a  probability  of  detection  of  about  90  percent  with  a 
false  ai.arm  ratio  of  .0001.  For  other  values  see  Appendix  A. 
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e*  Noise  Figure.  The  following  table  gives  the  minimum 
rioise  figures  thst  may  be  ejqpected  from  different  types  of  detectors. 
Actual  values  that  may  be  expected  from  equipment  in  the  field  exceed 
these  values  by  aboi;t  4o  percent. 


f.  PRF  Limited  Range 


Parameter 

Value 

Units 

db 

Representation 

Multiply 

By. 

Add  db 
Results 

j  PRF 

1 

j  Conversion  Factor 

pulses /sec 

-1 

+49.2db 

Unambiguous  decibel  range  =  _ ^db 


The  PRF  limited  range  is  the  ratio  representation  of  the  Unambiguous 
decibel  range,  U^^.  Therefore,  PRF  Limited  Range  =  _ _ 
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B.  CALCULATION  OF 


V/i 


j  RATIO 


1.  Preliminary  Information  for  .f'c^V'c - ^ 

^  w  ^S/L  /: 


°u)  ^S/L  /i  ' 

Limitations;  Radar  height  less  than  10,000  feet. 

Target  height  less  than  10,000  feet. 
D^ression  angles  less  than  10  degrees. 
Slant  ranges  greaber  than  3  N  miles 


Calculaticn 


a.  Slant  Range,  R  = 


Radar  Height,  h  r: 


n  miles 
(lOO’s  feet) 


h  (lOO’s  ft) 

Depression  angle.  6  ,  =  j,  = 

b.  Atmospheric  Attenuation,  A  =  _ 


db. 


o 

'S<8 

ft  c 
^  o 

lid 

td 

■p 

CM 


40 

30 

20 

10 


-.i:; 

Tfl: 

MM 

tilt 

iiH 

J?i* 

i-M 

ii:Mii;i*ilM  MM 

•  ••• 

*11? 

Hi? 

i::i|ii:ij 

iiife 

iMfk 

Hit 

•ir* 

:::: 

.itr 

iiii 

::n 

liliM 

^iM 

HH 

Hi: 

HH 

MM 

jtH 

jSi 

HiilHii 

iiiiliiM 

iiijiiii 

iiiliiif; 

« 

Mi: 

:::: 

;Mi 

MM 

iMijiM: 

Mil 

i 

sui 

iiii 

!S 

-iff 

f; 

Sii^ 

iii! 

iiii 

fWip 

degrees, 


10 


20  30  40  50  60  70 

Sleint  Range  (N  miles) 


80  90  100 


I 
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2.  Calculation  of  (S/N)1 


a,  SinijJ.e  Poise  (3/M)j^ 


Psiremeter 

Value 

ttiits 

db 

Representation 

Multiply 

By 

Add  db 
RcsuX'fcB 

:  Peak  Power 

Rw 

+1 

X  ;  Wavelength 

cm 

+2 

Cj  :  Target  RC3 

+1 

0  :  Antenna  Gain 

db  _ 

to* 

L  :  Losses 

db 

A  :  Atmospheric 

db 

»  -1 

Attenuation 

A_  :  Rain  Attenuation 

db  _ 

-fc. 

K 

NP^  :  Noise  Figure 

db 

E  ;  IF  Bandwidth 

MHz 

-1 

R  :  Range 

NM 

-4 

Factor 

. . .  '  J 

^  -30c0 

b»  ^tfcgration  Inprovement  (Assuming  visual  EPI  detection) 

KIF  » _ pulses/second 

AZ®  =  _ _  degrees 

SCAN  PATE _  degrees/second 


number  of  Hits/Scan,  #H  =  =  Hits /Scan 

(SCAN  RATE) 


(Hits /Scan)  = 

5 

10 

15 

20 

25 

30 

4o 

50 

r 

60 

I,  Integration 
I^rovement  in  db  “ 

6 

8.4 

9.6 

10*5 

11.2 

n.a 

12.6 

13.2 

13.8 

Integration  Improvement,  I  =  db 


c.  Integrated  (S/N)^^ 


^  1  ^i  ^  i  ^1  +  iob  = _ db 


8 


mn  TR~i55^ 

g 

3.  Calculation  of  (  rr- 

"  V...  i 


a.  Single  Pulse 


— 

Parameter 

s 

1 

Units 

db 

Renreaentation 

Multiply 

By  _  _ 

Add  db 
Results 

:  Target  RCS 

+1 

\ 

:  Wavelength 

cm 

+h 

w 

:  Rain  Rate 

mm/hr 

-1.6 

AZ 

:  AZ  Beasaridth 

deg. 

-1 

EL 

t  EL  Beamwidth 

dfig. 

-1 

T 

:  Pulse  Length 

sec 

-1 

• 

R 

:  Range 

IK 

-2 

Pn/»tnr 

^  +  4.8?  db 

(S/C  ),= 
'  '  tt)'l 


b.  Integration  i^tor 

Integration  Inigprovement,  I,  from  2b.  =  db 

c.  Pulse  CarpreoBion  Ratio 

Pulse  Compression  Ratio  -  _______  unitless 

Ibe  Pulse  Compression  Factor,  CR,  is  the 
decibel  representation  of  the  unitless 
Pulse  Compression  Ratio- 

Iherefore.  Pulse  Compression  Factor,  CR  -  _  dt 


d.  Integrated  (S/C^)i 

( r  >1  -  ‘  r  )idb  ^  ^db  *  “db  - 

U)  il> 

9 
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I 


fi 


f 

1 

1 

I 


4,  Calculate 


i 


a.  Clutter  Reflectivity 


(l).  Dapressiou  Angle,  0,  from  la,  = _ deg. 

Radar  Band  = 


Clutter  Type  = 


Clutter  Reflectivity,  a_,  from  Clutter  values  Appendix  A,  =  db. 


(2).  Pulse  Coa5)ression  Effect: 


Parameter 

Val.ue 

Units 

Multiply 

By 

Add  db 
Results 

;  Clutter  Reflectivity 

4db 

-1 

1  CR  :  Trom  Sec.  3c. 

1 _ _ _ _ _ j 

+db 

J 

Ml  . . . 

a^(EFP),  Effective  Clutter  Reflectivity  =  _ db. 


b.  Single  Pulse  — ), 

Vl 


Parameter 

< 

& 

(D 

Units 

db 

Representation 

Multiply 

by 

Add  db 

Results 

:  Target  RC3 

n 

+1 

T  :  Pulse  Length 

psec 

-1 

R  :  Range 

HM 

-1 

AZ  :  AZ  Besawidth 

deg. 

-1 

a  (EFP):  From  Sec, 

db 

►  -1 

°  4a. 

Factor 

-35.35  db 

r*  ' 

Single  Poise  {  _ db 


1  - - - —  - 

1 
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t 

i 

c.  Integrated  (  —  ) 

S/L  ^ 

(  —S-  )  (from  See.  4b.) 
^S/L  ^ 

[ 

I  (From  Sec.  2b.)  = 

f. 

( )  =  ( (^)  X  ♦ 
^S/L  i  ^S/L  - 

[ 

5-  (  H  .  r  .  c 

(U  S/L  1 

a.  Calculate  "E.nergy"  Ratio 

Paraaieter 


Value  i  Units  {  Multiply  l  Add  Ratio 


(S/N)^;  Section  2c. 
(S/C^Jj^;  Section  3^. 
(S/Cg^j^)^:  Section  4c. 


E,  Inverse  "Energy"  Ratio  = 


unitless 


b.  Integrated  — TT? 


Bsiraneter  Value  Units 


db  I  Multiply  j(N;c'-fU 

Representation 


E,  SeCc  5at 


unities s 


J 


w 
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B*  Clutter  Reflectivity:  a  in  db  below  one  equare  mter 


Ka  Band  35  GHz 


Ku  Band  17  GHz 


Clutter 

1 

lO*^ 

Clutter 

Grazing  Angle 

.1’  .3“  1“  3“ 

10“ 

Seastate  1 

■ 

■ 

43 

4l 

38 

Seastate  1 

47 

43 

4o 

3 

■ 

■ 

34 

34 

31 

3 

37 

3b 

32 

5 

■ 

■ 

31 

30 

26 

5 

39 

32 

31 

26 

Desert 

■ 

■ 

22 

Desert 

26 

Farm  Land 

■ 

■ 

23 

20 

Farm  Land 

23 

23 

Wooded 

■ 

■ 

13 

19 

Wooded 

20 

20 

City 

1 

1 

_ 

City 

J _ 

_ 

X  Band  10  GSz  i 

t 

_ 4. 

c 

B«id  5.6  CtliZ 

Clutter 

Grazing  Angle 

1 

( 

i 

Cxutter 

Grazing  Angle 

.r 

.3" 

1“ 

3“ 

10“ 

.1“ 

.3“ 

1“ 

3“ 

10“ 

Seastate  1 

58 

50 

45 

42 

Seastate  1 

75 

53 

49 

44 

3 

45 

39 

38 

32 

3 

56 

43 

40 

34 

5 

lA 

39 

33 

31 

26 

5 

48 

35 

33 

23 

Desert 

38 

26 

Desert 

.JJ’armland 

3o 

25 

Fannlaod 

33 

29 

Wooded 

30 

23 

Wooded 

35 

City 

24 

12 

- 1 

City 

■ 

_ 

S  Band  36  GHz 


L  Band  1.25  GHz 


Clutter 

Grazing  Angle 

1 

1  T®  ^>0  T®  0® 

10“ 

Clutter 

Grazing  Angle 

.1“  .3“  1“  3“ 

H 

1° 

1 

Seastate  1 

80 

62 

1  56 

52 

Seastate  1 

■ 

65 

53 

54 

3 

68 

55 

!  48 

43 

34 

3 

82 

■ 

54 

43 

34 

5 

53  i 

1  50 

1  38 

35 

28 

5 

65 

■ 

1  43 

38 

28 

Desert 

i 

i 

1 

30 

28 

Desert 

■ 

[ 

j 

45 

40 

Farmland 

1 

1 

21 

toaland 

■ 

32 

33 

Wooded 

33 

25 

Wooded 

■ 

34 

23 

City 

1 

1 

18 

. 

City 

i 

30 

18 
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C.  AITTENNA  CHASACTERISTICS 

1.  Besamridth  CalcvilatloaB 
a.  Azimth  Beatawldth 


Parameter 

Value 

IMit 

db 

Representation 

Multiply 

By 

Add  db 
Results 

Wavelength 

cm 

+1 

Antenna  Width 

Conversion  Factor 

ft 

-1 

+4.3  <Sb 

. W 

Ijecibel  Antenna  Beamwiatk,  AE^  = 
b.  Elevation  Beaimridth 


db 


Parameter 

Value 

Itoit 

db 

Representation 

Multiply 

By 

Add  db 
Results 

Wavelength 

cm 

+1 

Antenna  Height 

ft 

-1 

Converstion  Factor 

Izz 

-  ■ 

- ^ 

+4.3  db 

Decibel  Antenna  Beafliwldth,  EL^  = 


db 


The  antenna  I  annadtha  in  degrees  are  the  ratio  representation  of  the 
decibel  antenna  beaistfidth.  Therefore, 


AZ°  = 
EL’’  = 


degrees 

degrees 


2.  Antonia  Gain  Calculation 


Parameter 

Value 

Units 

db 

Representation 

Multiply 

By 

Add  db 
Results 

AZ° 

deg. 

-1 

EL® 

deg. 

-1 

1 

Conversion  Factor 

+44.3db 

Antenna  Gain,  G 


db 


% 

% 

I 


A-3 


M 


D.  DBCIBEL  TO  RATIO  CONVERSION  TABLE 


r 
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APgEKDIX  3 


SIMPLIFIED  MATHiMATICAl  DERIVATION  FOR  { 


H  4*  C +C-  /-  i 


"'U)  ^S/L 


The  derivation  of  the  equations  used  in  this  report  are  in  NAH 
TR-1461.  The  decibel  equation  form  used  is  as  given  in  NAjjT  TR-917* 

The  following  derivations  are  a  summary  of  some  of  the  equations 
in  these  two  reports. 

A.  SINGLE  HJLSE  SIQIAL  TO  NOISE  RATIO 

(S)  =  {^)  a.  ■‘•■‘s'  X  io3  (B.1) 


\  BR  / 


where 


S  =  Signal  Power  Watts 

N  =  Noise  Power  Watts 

p  =  Peak  Power,  kw 

X  =  Wavelength,  cm 

CTj  =  Target  RCS, 

B  =  IF  Noise  Bandwidth,  MHz 

R  =  Slant  Range,  NM 

G  Antenna  Gain,  db 

L  =  System  Losses,  db 

A  =  Rain  Losses,  db 
R 

A  =  A'taicspheric  Attenuation,  db 

WF  =  Noise  Figure,  db 
o 

B.  WEATHER  CLUTTER  BACKSCATTER 


VT*-*^  AZ°  EL®  R^ 


1  .32549  (M^) 


I 
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(ji>)  ,  2“ 

Vn/^  Vr^  aj 


therefore 


(4)/ 


"(B 


Therefore,  signsil  to  weather  clutter  ratio: 

„ 

(A.)  -  y  3.072 

^  ^u)  I 


where; 


tu 

W 

AZ" 

EL" 

T 


Weather  clutter  hackscatter  power,  watts 
Weather  clatter  reflective  area, 

Rain  Rate,  MM/Hbur 
Antenna  azimuth  beanwidth,  degrees 
Antenna  elevation  beanwidth,  degrees 
Pulse  length,  a  seconds 


C.  SEA  OR  LARD  CLUTTER  RETUFJJ 
AZ”  R  T 


^S/L 


Cos  S 


(a  /lO)  2 
3427.1  10  °  (M  ) 


(B.2) 


Assume:  pulse  width  limited  clutter 

Assume:  depression  angle,  E,  is  less  than  10®  so  Cos  £  =  1 


Therefore , 

(cTo/10) 

Og/L  =  AZ“  R  T  10  °  3427.1  M 


I 
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s/L/  °s/: 


S/L/  AZ“  R  T  10 


2.917  X  10 


where 


^S/L  ~  land  clutter  area,  ir 

(Tq  =  Clutter  reflectivity,  db^ 

E  =-•  Depression  angle,  degrees 

=  Sea  or  land  clutter  return,  watts 


D.  INTEGRATED  -  BITIO 

♦  ViA 


^3.3) 


®  ^u)  %/L 


where:  I  =  Integration  Icprovement,  db 

Let;  Ij,  =  Integration  Improvement  Ratio  -  10^^^^^'',  unitless 

Derivation;  Using  Equations  (B.l),  (B.2)  and  (B.3),  the  integrated 
signal  to  noise  plus  weather  clutter  plus  sea  or  land 
clutter  ratio  may  be  written  as; 


N  +  C  T  C_/- 
u}  S/L 
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N  +  C  +  c  / - T - - - 

»  Vi.  -ft  1  +__i_ 

■5^  (r^  (^) 

«"  S/L 

The  equation  as  used  in  this  report  is: 


j  N  +  C  +  C  ,  =10  icg 

\  sA  J. 


1 


(¥?) 


s.  defression  angle  approximation 

R  =  Slant  Range,  N  nlles 

h  =  Height,  100‘s  feet 

S”  -  Depression  Angle,  degrees 


therefore 


E  sin  E-  =  ^ 


let  sin  E”  =  E 


(Rad, ) 


therefore 


^-(Rad)  R  "SoTH 


XI  I 

E  =  .  942 


therefore 


E®  _^i.(lOO's  feet) 

~  RfiniilesJ —  <iegree£ 


B-4 


■«»»> 
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^  APPENDIX  C 
WQ5K  poa!  USAGE  EXAMPLE 

This  is  an  exas^jle  of  ijsage  of  the  work  forms  presented  in 
sections  A  and  B.  The  calculations  are  for  the  performance  of  a  radar 
which  has  the  following  characteristics. 

BADAH  PABiLMETERS 


P: 

50  kw 

L: 

13  db 

0 

10  db 

u 

3.22  cm  (X  band) 

Bain: 

Imm/hour 

Antenna: 

AZ  =  2“,  EL  =  2“ 

t: 

1  i^sec 

B: 

1 

PRF: 

1000  puises/sec 

Scan  Sate: 

90 "/sec 

Target  RCS: 

1000 

Radar 

Height: 

6,000  feet 

TtkTget 

Heijdit: 

0  feet 

Clutter : 

sea  state  3 

Desired  Pd: 

solo  at  PFA  =  10’‘ 

i 


C-1 


Mm 


k  db  nautical  oiles 


5UMj.g  = 


The  maxiaan  range  (N  miles)  is  obtained  by  multiplying  the  decibel 

by  i  and  e:q>re8sing  this  as  a  ratio: 


Maxinram  Range  Eatljaation  = 


2.  Coments 

a.  Chirp  Systems 

(I),  Use  peak  transmitter  power  (as  at  the  antenna) 

(3}*  Use  the  narrow^  unchixped  bandwidth  , 

b.  Antezina  Gain 

(1).  If  aperture  oily  is  given,  see  table  in  Appendix  A. 


C-2 


I 


f  I- 


«An  131-1554 


c»  Looses 

(1).  Typlc&l  value  for  search  radar  16  db,  mlu?jaua 
value  10  db. 


L 


{s).  losses  Included  are: 


collapsing 

integration 

gate  or  filter  overlap 

threshold 

scan  distribution 

target 

antenna  efficiency 


B 


filter  matching 
Iq  post  detection  Integration 
Jip  antenna  pattern 
receiving  loss 
transmitting  loss 
L  scanning  loss 


Minimum  db 
2 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 

10  db 


4.  Slgna  to  SolM  Ratio  (s/B).  T,plc.l  value;  laai. 
Ihts  ptovldeo  i  probability  or  detection  of  about  50  percent  «th  a 
falae  alan.  ratio  of  .0001.  {tor  other  vnluea  aee  Appendix  A. 


1 


C-5 
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e*  Boise  Figure.  The  following  table  gives  the  minimum 
aoise  figures  that  may  be  expected  from  different  types  of  detectors, 
jlctual  values  that  may  be  expected  from  equipment  in  the  field  exceed 
‘Uiese  values  by  about  ^  percent. 


Frequency,  KHz 
f .  PRF  Limited  Range 


Parameter 

Value 

Units 

db 

Representation 

Add  db 
Results 

PRF 

Conversion  Factor 

pulses/sec 

3t.S'Jk 

+49.2db 

U^,  Unambiguous  decibel  range 


The  PRF  limited  range  is  the  ratio  representation  of  the  Unambiguous 
decibel  range,  !aierefore,  PRF  Limited  Range  =  iSe>  _m  , 


c-4 


w 
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B.  CAI/aJLATION  OF 


1.  Praliminary  Information  for  ( — - - = - \ 


Lifflitations;  Radar  height  less  than  10,000  feet. 


Calculation 


Target  height  less  theui  10,000  fe^-t. 
Depression  angles  less  than  10  degrees. 
Slant  ranges  greater  than  3  N  miles 


a.  Slant  Range,  R  = 
Radar  Height,  h  - 


n  miles 


(100’ s  feet) 


Depression  angle,  6%  «  degrees, 

h.  Atmospheric  Attenuation^  A  =  Q  db. 


m 

lo||| 


iFiHii 


^  ■■■  Hr  ^  idn^ 


10  20  30  4o  50  6o  70 

Slant  Range  (N  miles) 


HAn  TK-.i554 


c .  Radn  Attenuation 


I 

i 

I 

I 


iii 


- - - - - 

Baz'aaeter 

Value 

Units 

db 

Representation 

Multiply 

By 

Add  db 
Results 

H  :  Range 

HO 

5K 

/  6  Jik 

+1 

HMWTTV' 

V  :  Rain  Rate 

1 

BBl/hf 

O  dik 

+1 

X  :  Waveien^^ih 

3.a2 

cm 

S-l  dh 

-2 

Factor 

HBHHB 

■HMH 

suMg  =  jSLJL-^ 


(2) 


Parameter 

Value 

Units 

Ratio 

Representation 

SUM, 

db 

a.  y 

3l.? 

Ag,  2-way  Rain  Attenuation  =  ^  db 


I 


c-t. 


-3- 

-■S5 
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C^lcalfctton  Qg  (S/bH 
••  Bia*!*  miae  (8/M), 


fKiOMtar 

Value 

Itaita' 

_ 

db 

Rearesentation 

Iftxltlply 
3y _ 

:  Peek  Tower 

ro 

/7  Ji) 

+1 

X  :  %nreleagth 

cm 

S-i  A 

♦2 

:  Target  BCS 

JOCfC 

K= 

ZO  efi 

-fl 

Q  :  Antenna  Gain 

+2 

L  :  loesee 

<3 

db  _ 

^  -1 

A  :  Atioospherlc 

f 

1 

db  _ 

^  -1 

Attenuation 

1 

1  Hein  Attenuation 

S.f 

db  _ 

♦  -1 

1^  :  l»ise  Figure 

10 

db 

0 

B  :  If  Bandwidth 

i  ^ 

1 

HHz 

0 

-1 

B  j  lenge 

HO 

M 

16  <ih 

.4 

Itefitor  , 

-  • 

Add  da 
Baittlta  j 

H9A 

-IZJi 

-iJi 

S.»fi 

-oA 

-f^A 

.  -30.0 1#| 


(|)i' 


JZJL 


db 


Integratl<«  Iiis)roveffient  (Assuming  visual  PPI  detection) 


Hg »  JS’i^O  pulses/second 

AZ*  «  _ ^degrees 

am  BATE ,  ■9a.-  degrees/second 

Oid>er  of  Hits/Scan,  #H  =  = 

(SCAN  KATE) 


j#H,  (Hltl/Scan) 


_  Hits/Scan 


1,  lartepation 
lapi’ovtitnt  In  db 


'  5 

10 

20 

25 

30 

4o 

50 

60 

6 

8.4 

9.6 

10.5 

11.2 

11.8 

12.6 

13.2 

13.8 

Integration  Improvement, 


JJL 


c.  Integrated  (S/N)j^ 


db 


<  I  '  ( I  >1  I*  - 


C-7 


3.  Calculation  of  (  ^  ), 

a.  Single  Pulse  (S/C^)^ 


Parameter 

Value 

\ - 

CO 

•p 

1 

db 

Representation 

Add  db 
Results 

Oij  :  Target  RCS 

30  Jt 

+1 

f  ZodHi 

X  :  Wavelength 

3.2i 

cm 

W  ;  Rain  Rate 

i 

ma/hr 

o 

-1.6 

•'O  eth 

AZ  :  AZ  Beasoridth 

7. 

deg. 

3  Ai, 

-1 

-ZJb 

ZL  :  EL  BeaRnd-dth 

a 

deg. 

3  Jk 

-1 

T  :  I^U^e  length 

1 

(Jk  sec 

O 

-1 

B  :  Range 

Ho 

m 

}6  cth 

-2 

Factor _ _ 

(s/c„)i=  _i23 _ ^ 


b.  Integration  Factor 

Integration  Improvement,  I,  from  2b,  *  1  2L  db 

c.  Pulse  Compression  Ratio 
Bilse  Conpression  Ratio  =  I  unitless 

Bie  Pulse  Compression  Factor,  CR,  is  the 
decibel  representation  of  the  unitless 
Pulse  Compression  Ratio, 

Iberefore,  Pulse  Compression  Factor,  CR 


d.  Integrated  (S/Cy^]^ 


C  ^Idb  ^db 

(C 
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Calculate  1 - ? _  1 

‘  \^S/L  /  i 

a.  Clutter  Reflectivity 

(1).  Depression  Angle,  6,  from  la.  deg. 

Radar  Band  _ 

Clutter  Type  =  S.  S»  3 

Clutter  Reflectivity,  a^,  from  Clutter  values  Appeniir  a.  =J 
(?),  Pulse  Con^jression  Effecfc; 

XJnits  Multiply  Add  ub 

-  — - — - — ■  -  3y _ Rr-^ult-s _ 

<Tq  :  Clutter  Reflectivity  3^  +db  -1  ~  39 


CR  :  From  Sec.  3c, 


O  +db 


Multiply 

_ gy-. 

Add  ub 
Rr-sult.r, 

-1 

L-J 

-39 
-  o 

O'o(Ef'F),  Effective  Clutter  Reflectivity  =  ~3?di 


b.  Single  Pulse  ( — ^  ) 

%/L  ^ 


Parameter 


H  :  Range 
■flZ  :  AZ  Beai 
Oo(EFF):  Proi 

P^tor 


Value 

Ifeiits 

Jcoo 

f 

f*sec 

Ho 

SM 

2 

deg. 

-39 

- i 

db _ 

db  Multiply'  Add  db 

^SEESSSiitation  by  Result  s 


3ocf(, 

O  fi/fc 


"f  3o  ofh 
-O  cfis> 
— /6 


. f  - -35.35  db 

Single  JUlee  (  .  V_£,Z  * 


KAFi 


[ 


L 

1. 


f 


1 


j 


c.  Integrated  (  ) 

V, 


^  -  ),  (from  Sec.  4b.)  = 

'  S/L  ^  - 


db 


I  (From  Sec.  2b.)  =  /a.  _db 

(-4)r(-4)x-= 


5.  eaculate  (  M 

(!)  S/L  1 


a.  Calculate  "Energy"  Ratio 


Parameter 

Value 

Units 

Multiply 

By 

Add  Ratio 
ReT)re$entation_ 

(s/N)j^:  Section  2c. 

^v.v 

db 

-1 

.  oo-iS 

(S/C^)^:  Section  3<i. 

ai9.3 

db 

-1 

.  oo  tS' 

(s/Cg/j^,^:  Section  4c. 

! - 

db 

-1 

_ 

•  oo  2.  5" 

E,  Inverse  "Energy"  Ratio  =  ^  uni^ less 


b.  Integrated  (iTT-^Tc^^i 


1  Parameter 

Value 

Units 

db 

Representation 

Multiply 

_ 

E,  Sec.  5a. 

•  009S 

unitless 

-1 

*^•1 1, .  3  o/i 

'N  +  C  )■  C_/tH 
u)  S/L^ 


)  ‘i-SI.3 


db 


r-io 
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